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Prototype Transformation
Abstract Our perception of where we are, of what place we inhabit, is inextricably connected to
physical change. We may characterize change as relatively rapid or slow, incremental,
or rhythmic; or we may not recognize certain types of change at all due to its com-
pressed or extended nature. Physical change, whether caused by forces of nature or
humankind, marks our surroundings with "temporal signals." (Lynch,p. 163) These
signals "sometimes corroborate and sometimes conflict with our internal image of
time," (Lynch, p. 1) and it is the premise of this thesis that our individual and collec-
tive well-being may be enhanced through place-making that enriches temporal
experience.
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This investigation engages design thinking through transformation of an existing
artifact. Intervention sensibility adopted for this project has two paradoxical aims in
the manipulation of temporal signals. Recovery of a past and projection into the
future must always sustain balance and are not contradictory motives. Projection into
new use must be derived from the morphological character of existing site and
building conditions; and likewise, recovery cannot regulate physical change out of its
temporal domain.
The selected design vehicle, located in the Connecticut River Valley in Greenfield,
Massachusetts is an instance of the machine shop prototype introduced during the
American Industrial Revolution of the mid- 1800's. This building type was designed
with the single over-riding concern of optimization in both construction and use.
Material efficiency provided maximum load-bearing capacity for least cost; homoge-
neous daylighting lengthened the workday for task-oriented fabrication processes.
Projected use provides primary guidelines in this transformation. Specific require-
ments are associated with a museum whose agenda is to educate visitors on nature
and technics: exhibition space, studios/workshops, auditorium, cafe and kitchen,
administration, and storage.
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tributaries
manifestation of continuity
from moments passed to those yet to be:
time in its vast desert
encounters architectural form,
in its ongoing moment - a crossing ...
totality, a physical impulse of peace.
places of human exchange and meditation
know more than an instant:
matter, through adaptation and balance,
shares time with space it (un bounds - a crossing ...
community, a physical impulse of peace.
- P. L. (March, 1996)
Introduction
This document serves as record of a way of thinking, of a process and its results. It demonstrates
my committment to design as an activity that addresses both the community and individual needs
for growth and change through the language of architectural form. The only way communities
can flourish is through exchange of ideas and flexibility to adapt. Architectural form enables and
disables these capacities according to the behavior of designed elements, which generally fall into
two categories: open and closed systems. Best exemplified by the Erecteion and Parthenon,
respectively, open systems are characterized as aggregate form, adaptable and flexible to permit
growth and harmony. Closed systems, on the other hand, establish inviolate boundaries, as they
sit in space, finite, static.
This project is a completed fragment -- an assemblage of distinct formal components in open-
system behavior. The regulating family of forms is derived from architectural order of the former
site aggregation and morphological character of existing buildings. Priority has been placed upon
continuity with the landscape, capacity for growth, and mixed use flexibility through size and
quality ranges.
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"Periodically, we want to enjoy a common, vivid
present, enlarged by group expectations and memo-
ries... Past and future time may be'borrowed' to
enlarge a present, just as we 'borrow' outside space to
enlarge a small locality." (Lynch, p. 88)
Existing Conditions
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Existing Conditions
The machine-shop prototype of the American Industrial Revolution serves as the existing
artifact for this design transformation study. The example in particular is located in
Greenfield, Massachusetts on the West bank of the Green River, a Tributary of the Con-
necticut River. The complex consists of nearly two-dozen structures built over a one-
hundred-year period. A specific six-building grouping that includes Bldg. # 5, 6, 12, 31,
33, and 46 constructed over a 30-year time-frame has been selected as the focus of study.
This selection is based upon the similarities between their construction systems, permit-
ting a manageable scope of vocabulary considerations.
Over-riding concerns of original design and construction were optimization issues tied
directly to Industrial Revolution initiatives. The Wiley Russell Co. began building the
complex in 1838. They needed maximum loadbearing capacity with least cost of material.
The main architectural priorities were planometric organization for machine operators
and conveyance of parts and assemblies, and homogeneous daylighting. In general, light-
intensive activities of fabrication were conducted along the masonry walls and movement
occurred along the center.
11
Note: All documentation of existing conditions reprinted from
Environmental Assessment and Re-Use Feasibility Study of the
Former Greenfield Tap and Die Complex, Meridian Street, Greenfield,
Mass., luly, 1996, performed for the Town of Greenfield by ENSA
Environmental, Inc. and Leopold Berman & Associates, Architects
and Planners.
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First Level Plan
The structural system distributes the majority of vertical load to the post-and-
beam assembly, while the masonry system carries the lateral loads and remaining
vertical loads. Given the six-building cluster, there are two systems at work:
wood post-and-beam with diagonal board flooring and steel channel column/
beam/joist with masonry arch and concrete flooring.
Vertical loads in the wood system (Bldgs. 12 and 46) are distributed in a 2:1 ratio
to the wood and masonry, respectively; in the steel system (Bldgs. 31 and 33), the
ratio is 3:1. This indicates that the steel carries more load than the wood and that
its partner masonry system does not have to work as hard as the wood system's
partner. Comparison of the masonry opening dimensions substantiates this
implication. In Bldgs. 12 and 46, the ratio of opening to spacing (lightness to
opaqueness) is 2:1, and in Bldgs. 31 and 33, the ratio is 3:1.
Building #12 features both the two-bay and three-bay configuration, distinguish-
ing the architectural relationships of light, access, and structure. The transition
from the two-bay to three-bay world presents interesting architectural opportuni-
ties. It has been, for this reason, selected as the primary exhibit space for the
proposed museum and provides richness of its riverbank disposition as design
provocation.
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Note: All street addresses are Mer idian Street
GTD # Ilistoric Name
Siokestack .
x05 UIlieilnildisg
06 ' Puml)I Io'use
412 Machine Sholi
28 Ilardening
431 Machilne SIdoit
32 liardening
33 Store I Ious/Office
34 Meter Ilouse
40 Machine Shop
42 Restauraunt
4 Machiine Slioj
47 Squaring Building
48 Auto Machine Shop
50 Machine Shop
Oil Filter Building
Bridge
Dans
Flood Walls
Canal
DIate of Coinstruction
c. 1930
c. 1860
c. 1860
c. 1890
c. 1887
c. 1889
c. 1888
c. 1896
c. 1896
c. 1891
c. 1945
c. 1887
c. 1912
c. 1912
c. 1920
c. 1970
c. 1917
1xpansion Da(e
1935
1935
1920
1920
1920
1908
MiliC #
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
Condition Arcliiteclitural Style
Good None
Fair to Good Vernarcular
I-air to Good Industrial
Poor to Fair Industrial
Poor Industrial
Moderate Industrial
Poor indus t rial
Good Classic Revival Details
Good None
Moderate
Moderate Vernarcular Industrial
Moderate Industrial
Moderate Industrial
Good Industrial Modern
Good Utilitarian
Fair
Fair
Good
Fair
c. 1938
Post and Beam structure - Bldgs. 12, 46. (PL) Steel and masonry arch structure - Bldgs. 31, 33.
(PL)
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bridge, new machine shop (Bldgs. 12) in 1892;
IJ-1L
machine shop extensions, steel and brick-arch
additions (Bldgs. 31, 33) in 1896; more gincremental
growth along riverbank, new machine shop (Bldg.
41) in 1909.

"Reactions and pleasures are time-stratified, some
sudden and passing, some steady and everyday.
There are both ephemeral and durable environ-
ments, and each requires different modes of
design." (Lynch, p. 87)
Design Conversations
Design Conversation No. 1
Clockwise from upper left: 1) table and 1/50" diagram of site relationships
between river dam and existing biuldings in terms of length, width, and direction
through the range sizes, 2) perspective sketch of existing buildings looking South
from river dam, 3) sectional and axonometric study of tailrace, 4) geometric
construction of existing window and mullion form, 5) 1/8" plan design study of
floor opening at tailrace, with 'energy' and 'size/direction' mandalas, 6) perspec-
tive sketch of tailrace looking southwest and existing flood wall, gate system, and
external ventilation.
Existing mill complex looking South from dam.
(PL)

Design Conversation No. 2
Clockwise from top: 1) sectional lighting study of existing architectural order of
afternoon, midday, and morning sun, 2) sectional lighting design study looking
north of vertical spatial continuity between energy conversion (turbine) and sky,
3) 1/4" scale plan design study of floor removal at tailrace with 1/50" scale key
plan, 4) 1/4" sectional design study of tailrace looking north, human motion, and
access to sky, 5) 1/16" plan study of sun travel during the hours and seasons.
Railroad bridge South to Deerfield - steel growth
from masonry. (PL)
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Design Conversation No. 3
Clockwise from upper left: 1) 1/50" plan diagram of directional relationships
between court, river dam, buildings, and Meridian Street, 2) projected perspective
sketch looking South into court from interior of adjacent building, 3) 1/16" plan
study of water passage into court through adjacent building, 4) roof structure
sketches relating steel to plant structure, 5) lamp design study, 6) elevation study
of masonry openings as light form, 7) 1/16" sectional design study of new build-
ing system stepping out of old, court adjacency exposed to sky, canal level,
waterside building edge, and river levels, 8) 1/16" plan design study of canal and
human access to court, 9) elevation and sectional sketches of masonry opening.
Erosion path from Green River Cemetery to mill.
(PL)

Design Conversation No. 4
Clockwise from upper right: 1) series of four (4) 1/16" site section design studies
looking south, investigating contrast of new floor levels and roof with existing
floor levels and roof, 2) elevation study of masonry openings as light form and
composed by a system of size ranges, 3) elevation, plan and sectional design study
of masonry infill modules that define a zone of interior/exterior spatial exchange,
4) analysis of metalworking lathe formal components overlaid with existing
window mullion sizes, 5) design sketches of point-controlled area-partitioning of
masonry opening.
Fig. 28.1
Light and time in Bldg. 12. (PL)

Design Conversation No. 5
Clockwise form upper left: 1) sectional design sketch of masonry infill unit for
exhibit presentation and lighting, 2)1/16" sectional design study of elevated
exhibition floor and partition system, 3) sectional study of formal configuration
in steam-turbine compression and expansion stages, 4) 1/16" plan design study of
main exhibit space with section through interior tailrace bridge, 5) exhibit stand
design study with overlay of exhibit piece, 6) design sketches of column-base
replacement schemes.
Fig. 30.1
30 
Fig. 30.2
Fig. 30.3
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Design Conversation No. 6
Clockwise from upper left: 1) site-plan sketch with elevation and sectional design studies,
2) 1/16" sketch of movement through exhibit space, 3) plan diagram of displacement
types and magnitudes at building edge zone, 4) 1/16" longintudinal section study and
diagrammatic schemes of movement through the exhibit space.
Fig. 32.1
32 Fig. 32.2
F.32.Fi.34
Fig. 32.3 Fig. 32.4

Design Conversation No. 7
Clockwise from upper right: 1) 1/100" and 1/25,000" plan studies of landscape fanning
behavior and periodic erosion patterns in Connecticut Valley Region, 2) 1/8" section
drawings of roof structure, East and West building edge definition, and exhibit space
functionality, 3) 1/16" longitudinal section and first and second floor plan organization.
Fig. 34.1
34
Fig. 34.2
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"We act now, modifying our environment for the
future. We recall now. We learn now, which is to
say we modify ourselves to act more effectively in
the future. An environment that facilitates recalling
and learning is a way of linking the living moment
to a wide span of time. Being alive is being awake
in the present, secure in our ability to continue but
alert to the new things that come streaming by. We
feel our own rhythm, and feel also that it is part of
the rhythm of the world. It is when local time, local
place, and our own selves are secure that we are
ready to face challenge, complexity, vast space, and
the enormous future." (Lynch, p. 89)
Study Models
38
Site Model
1/100 " topographical site model in plywood, corrugated board, chipboard, black paper,
basswood, steel wire, brass, electronic transistors, straight pins.
,Study Model No. 1/2
Not-to-scale model in chipboard, basswood, and colored pencil. Investigation of conoid
surface as relationship between linear and circular form, periodic rotation, and sun
angle.
F,
Study Model No. 1
1/40" model in chipboard, corrugated board, black paper, basswood, and copper. Investi-
gation of transformation vocabularies, including bridging, enclosing exterior space,
introducing a building inside a building, and extension of interior through the existing
building edge.
Study Model No. 2
1/40" model in chipboard, corrugated board, black paper, basswood, and copper. Investi-
gation of existing directionality, East/West exposure, extension to the South, new roof
structure, and bridging.
Study Model No. 3
1/16" daylight model in chipboard, brown paper, and masking tape. Investigation of
architectural ordering potential of existing masonry openings. Considerations include
amplitude and form of interior luminosity, relationship of light form to movement and
stasis, directionality, and exterior nighttime image of building use implied by light form.
41
Study Model No. 4
1/2" lighting model in chipboard and colored pencil. Investigation of open-fan behav-
ior of louver system. Considerations include 1) movement ordering through shadow
rhythm and direction, 2) visual access to sky based on movement rate and direction of
human participant, and 3) luminosity range of diffused light. All behaviors are im-
pacted by incident sun angle as it varies thorugh time of dayand season.
Study Model No. 5
1/8" structural model in chipboard, black paper, plexiglass, styrofoam, corrugated board,
and basswood. Exploration of structural interdependence of existing masonry walls and
wood timber framing, access characteristics, roofing needs and constraints.
43
Study Model No.6
Not-to-scale by-product of Study Model No. 5 in chipboard. Exploration of behavioral
characteristics (light, structure, access) through free-association of "scrap" model materi-
als.
44
Study Model No. 7
1/8" structural model in basswood. Exploration in structural mending through new
framing vocabulary that contrasts from existing.
45
StudyModel No. 8
1/16" building model in chipboard, corrugated board, blue paper, and basswood. Con-
siderations included rhythmic light form, associations with ground/sky and water/land,
open-systen behavior that allows future extensions, and accommodation of museum
procession, particularly in the southern exhibition rooms and adjoining stairs.
74
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"History may be seen as a long ebb from a mythical
golden age - time the destroyer - or as an equally
inevitable progress toward higher and more
complex forms - time the creator... Time may be
thought of as linear, unchecked, impersonal,
without beginning or end. Timelessness may be
sought in drugs, mysticism, or esthetic contempla-
tion." (Lynch, p. 131)
Study Drawings
48
Design Drawing No. 1
Perspective drawing ofimagined condition of new stairs, removed flooring, and
extension beyond masonry wall to water (pencil on vellum).
Design Drawing No. 2
Perspective of imagined openings to the sky and through and beyond the South wall
(black and white chalk on brown paper).
49
Design Drawing No. 3
Analysis of existing daylight and wood structure with imagined addition of skylight
(chalk on brown paper).
50
Design Drawing No. 5
Light study of morning sun into processional space. Considerations include direct and
diffuse light, reflections on water, disposition and balance of paired experiences in
terms of vertical movement toward sky and ground, horizontal movement toward
water and land (pencil on vellum).
51
Design Drawing No. 6
Study of experiential contrast between new (shown in red)roof, access, and window
systems with existing (shown in black), where masonry walls are considered as extruded
ground form (colored pencil on vellumn).
D esign Drawing No. 7
Light study of morning sun into turbine exhibit space and diffuse light in West exhibit
infill units (pencil on vellum).
52
Design Drawing No. 8
1/32" elevation study with 1/8" window study overlay. Considerations include vertical
extension proportion to overa ll length and height of existing building, position of East
balcony, rhythm of processional skylights, and building implied at public face (colored
pencil on trace).

54
Design Drawing No. 9
1/32" plan and elevation study. Reference level access form finds relationship to new
roof and framing structure. Columns outside West wall align with river dam (colored
pencil on trace).
55
Design Drawing No. 10
Searching lines for new roof structure. Family of forms is based on two-square diagonal
and accommodation of various inhabitation zones of exhibition spaCe (colored pencil
on vellum).
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"Temporal territories peculiar to a group can be
established, just as we establish spatial territories.
Form can dramatize activity as well as support it.
We can be given a sense of how our time fits with
the time of other people and other living things.
Environment can make us aware of being alive now
and together in a common present, in which we
sense the flow of events and to which we can attach
our hopes and fears." (Lynch, p. 88)
Final Project Proposal
The Project Site Plan shows the immediate context including neighborhood
dwellings, the Green River, and natural topography and growth. Dwellings line
the East edge of Deerfield Street, which serves as the primary vehicular approach
from downtown Greenfield one mile North, and Water Street, which runs due
North from Meridian Street before veering West along the river. Public parking,
located North of Meridian Street serves most visitors, including individuals,
families, and school busses. and a smaller employee. A smaller lot provides space
for administrative personnel and workshop users. The large lot provides access to
the main entrance pavilion and bridge as well as to steps leading down to the dam
and water's edge. Continuous pedestrian access is provided by the river bank
path extending North of the dam, underneath the Meridian Street bridge (for-
merly the old covered bridge), along the East side of the main exhibition building,
across the tailrace bridge, and South along the riverbank. Ground-level access
between the main building and the theater/workshop building is also continuous,
as it passes under the connecting bridge.
Hill looking southwest.
58
Dam looking North.

The East Elevationdescribes a life along the river's edge connected to both the
museum's processional stair to the South and the cafe patio to the North. The
existing flood gates at the tailrace are integrated into visual access to the main
interior exhibit space. The remainder of the flood wall has been altered to permit
communication between the river and facade. Window infill units have been
either restored, removed, or redesigned. The new roof provides access to the sky
through form distinct from its predecessor.
Green River looking South.
b
The Transverse Section reference level has been reestablished from the ground
floor to the second floor to emphasize a skyward experience. Circulation is
generally horizontal except for the zone above the turbine, which is to be refur-
bished and exhibited in operation. The extended vertical dimension of that zone
provides access to stairs and elevator, which has five (5) stops: basement at
turbine, ground level, ground-plus-three feet, second level (reference), and
mezzanine. Closure is defined between the exhibit interior and the turbine area
to allow year-round use. The new roof structure is constructed of tube-steel
scissor trusses, cable cross-bracing, with metal and glass panels to shed rainwater.
Fig. 62.1
..A ....
The Ground Floor Plan entry to the North accesses Othe shop and cafe directly.
Elevated walkway columns help to define the entry. Paving texture is continuous
from the exterior court between the buildings through the entry and cafe'and
extends outside near the stack. The canal is formerly concealed but is now
reavealed in four (4) places: just South of the dam, inside the building edge, along
the processional, finally at the tailrace. The West building provides workshop
and storage, defined by a two-foot tall concrete block garden wall sytem with
wood-stud partitions as needed. The Second Floor Plan shows the elevated
walkway leading to the lobby, overlooking the canal direction change. Tickets,
coat room, administration and elevator service the main exhibit space as well as
the connecting theater.
---------
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Cross-Section No. I shows the exhibit procession commencement in the East
building two-bay zone, in which the former building construction is itself the
exhibit. New roof truss form, which continues the length of the exhibit building
in a family of varying sizes and positions, is derived from the former building
vocabulary. Plantings and benches in the court allow a place to rest and converse.
New West-wall window screen infill units filter late-afternoon sun, new skylight
introduces morning sun. Elevated reference level passage brings visitors into the
space between the ground and sky. The canal is intermittantly covered and
uncovered. Dotted lines show prior floor surface and flood wall locations.
Fig. 66.1
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Cross-Section No. 2 demonstrates exposure of the canal well as the enclosure
system moving off the existing masonry wall, which opens the water surface to
direct noon-time reflections. Walkway and railing descend below ground floor
level. On the west or land side of the exhibit interior, off-access alcoves present
exhibited flatwork and pivoting window infill panels naturally ventilate by pulling
evaporatively-cooled air from the lower water side to the higher land side.
Fig. 68.1
- u.k . k S ~ - . - -.
Cross-Section No. 3 represents the transition from the two-bay to three bay
protion of the main exhibit area. Dotted lines at the left show removal of the
masonry and steel addition, inviting southern sunlight into the court and increas-
ing the building's interior exposure to landscape. New 2-story columns and
enclosure systems extend habitable space beyond the wood structure used in the
addition. Roof panels overlap as an assemblage of parts to channel rainwater.
The second-floor East extension provides northern view to the dam as reorienta-
tion of the procession and provides a place to rest before continuing into the
southern exhibition rooms. Basement access to the canal continues as the water
flow rate and resulting sound level increase. The exterior riverside promenade
engages the altered floodwall.
70
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Cross-section No. 4 represents the largest vertical dimension built by tube-steel
scissor trusses supported by a susbstantial shop-built steel channel and hinge
assembly. The reflective glass panel replaces external visual access to the steel
supports with the image of blue sky and clouds. This steel assembly is anchored
by steel reinforcement cast into concrete pilasters that straddle the tadrace. The
concrete is cast continuosly against the masonry walls, concrete floor, and inte-
grates into the exterior flood wall bridge to resolve lateral forces. The existing
ground floor construction of concrete, steel, and masonry is replaced by a glass
floor enclosure system. The refurbished turbine exhibits the conversion of energy
from potential gravity-based to kinetic-torsional, passed upward through the
floor by gearing and shafting. This energy state-change drives the elevator and
louver adjustments. Louver systems are applied in three locations to improve
daylight quality, control directionality of visual access, and mediate the interior
and exterior space with building edge layers. The new third-floor mezzanine
anchors at hinge plates mounted between masonry openings, where window
frames have been removed, and hangs from the wood timber structure and new
knee-bracing. New raised floor decking provides passage at the former sill-level
of ground-floor masonry openings, creating an exhibition zone of diffuse light
colored by the dark red brick. The second floor walkway
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Cross-section No. 5 occurs through the three southern exhibit rooms: ground level,
second (reference) level, and mezzanine. The East masonry wall houses exhibition pieces
in new window infill units that provide reflected sunlighting. Elevated sill-level flooring at
the West side extends beyond the building edge enclosure to promote view towards the
soutwestern hill and its descent toward the riverbank.
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Vertical section of an addition planned for the Stevens Mills, North Andover, Mass., 2865. (M VT M)
Fig. 74.1
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"Our power of creating a mental future lies in our
ability to imagine the remote consequences of
present acts, to create new combinations of act and
consequence, to connect present feelings and
motives to those consequences, and to suppress or
to de-emphasize the present stimuli that would
otherwise deflect our attention from those future
events." (Lynch, p. 91)
Final Models
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Final Model
1/16" building and site model in plywood, plexiglass, corrugated board, cork, dried sea-
lavender, chipboard, brick-red paper, basswood, steel wire, sheet-tin, and brass tube.
Final Model Study A
1/8" scissor truss in steel wire. Investigation of cross-bracing and hinge/roller support
conditions using frictionless surface and variable loading conditions.
Final Model Study B
1/16" truss template in chipboard, basswood, and paper. Scaffolding implement used to
construct 1/16" steel-wire roof system.

Appendix A - Thesis Proposal (excerpts)

APPENDIX A: Design Thesis Proposal (excerpts)
I. Definition of Design Thesis Exploration
It is a uniquely difficult proposition to propose a design "hypothesis" in architcture, whose
"ultimate purpose is basically down to earth and obvious: to build as well as you can for the benefit
of people" (Aldo van Eyck). Is it possible for a design "hypothesis" to be a simple, straightforward
conviction, one that presumes specific conditions to be analyzed, tested, and then reviewed? How
would the testing occur? In the context of architecture, any hypothesis about an architectural reality
that is yet to exist requires that a project be built and considered over time -- enough time to perceive
its effects on those human lives that it touches. Since the allocation of effort devoted to MArch
thesis-level design and research (five months) does not allow actual building to occur, an alternate
approach is required.
In my opinion, a design "hypothesis" should be a question that keeps rephrasing and reframing
itself as the young student proceeds through an architectural career. I have chosen to strive for a
hypothesis that needs more experience to find its rational articulation, a simple hypothesis that will
become inevitably complex only through the architectural design project itself, one that requires the
design project and corresponding discoveries in order to be further articulated. The objective of this
Thesis Proposal, then, is to define and substantiate a beginning for the thesis project. The project
itself will become the instrument of thinking through which I will explore both the intellectual
motivations and interests outlined herein as well as the specific nature of physical, historical, and
political discoveries made along the way.
II. Areas of Interest
Place and Time
The idea of place carries conventional validity when it incorporates and successfully transmits
cultural values of a specific region, location, and time. It is my contention that transmitting values
merely of a specific time shortchanges the potential of place-making. I believe that place carries out
its most significant role when it takes the next step. I believe, that is, that continuity established
through transcending specific time can enhance our sense of place to extraordinary potential, that
any particular built environment is most powerfully and effectively perceived as a place of
gathering, of community, of enduring culture, and therefore of hope, when its human participants
converse across boundaries of generations, even lifetimes.
Places we remember and places we anticipate are mingled together
in present time. Memory and anticipation, in fact, constitute the real
perspective of space, giving it depth. (Aldo van Eyck)
My thesis is that built coexistence of multiple temporal frames in a single present moment can
provide simultaneously the historical context we need to understand and to live with our past as well
as to dream, to project our present actions into a responsible future.
Technics
Sometimes we as individuals and as a society try too hard to move into the future. We become
impatient because of our desire to change things that seem unsatisfactory. Thanks to our very
nature as an adaptive species, we strive to create, reinvent, and explore with an optimistic gaze.
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Unfortunately, as we clutter our lives with more initiatives and objectives, we allow our fascination
with the new, our fear of being left behind to blind us from our past, from the power and security of
continuous time. Particularly during the last one hundred years, our relationship with technology
(the Western embodiment of invention) has accelerated our apparent pace of living. What began in
the mid-1800's as a romance of mechanized processes quickly evolved, through a reciprocal
engagement with capitalistic entities, into a full-scale institutionalization of technology. Since the
turn of the century and through the Modern era, it has certainly helped us to explore previously
inconceivable bounds of cosmic space, increase human life expectancy, and enhance
communication between distante peoples. It has, unfortunately, also equipped us with capabilities
to inflict destruction on those same people and the natural environment of our planet.
Post-modern technological initiatives have grown to scales beyond the immediate control of
individuals, such that they have seemingly taken on directions of their own will. Thoreau's
prophetic warning against "improved means to unimproved ends" has taken on larger-than-life
reality in the form of technological momentum, technological drift, and even reverse adaptation, a
phenomenon identified by Langdon Winner in which ends are created for the sole purpose of
exploiting idle means (see Appendix B). The dangerous consequence is the deterioration of our belief
that individual or collective action (on any manageable scale) is capable of realigning resource
allocation with desirable ends rather than contrived ends. Our generation's charge is to retrieve the
sense of agency, responsibility, and optimism that technocratic policies have displaced. People are
agents of change, not machines, not knowledge, not technique. It is my belief that we need our past
to accomplish this mission.
Every public act, whether open and freely available to [i.e. imposed upon] the civic body at large or
reserved for the paying consumer market, carries political implications. Every public act bears some
influential role on individual opinion, on collective values, and on the relationships between them.
Considering my proposed career as an architect, I must confront the design project with these stated
values as my guide. Technology and industry are not responsible in themselves for social and
ecological ills mentioned above; it is, on the contrary, our perception of these elements in society, our
non-critical courting of the "latest and greatest," that renders us vulnerable to technocratic entities
that understand how to exploit technology to their gain. During the past decade, there has been a
significant component in post-modern social critique that declares technology and scientific
progress as evil, destructive forces that are responsible for today's problems. My position is that we
must not let this pessimism continue, that we must seek to clarify, in spite of and even because of,
this vehement counter-culture, the role of technology as more than just machines or tools but as
technique, as a way of thinking about how things are done. We must not glorify and overstate
technical promise, but we must still allow the human inventive spirit to continue to create and
project.
During the first twenty-seven years of my life I lived in Oklahoma and Texas. Of course, the open
land there feels old, ancient. Markings that time has left there are still living. The region's built
environment, on the other hand, is typically comprised of autonomous objects that are either
isolated super-auto-accessible shopping malls that have nothing to do with anything or sparkling
glass sculptures that have everything to do with public image. And neither one of them have
anything to do with the past; it is gone, it is forgotten -- good riddance. Buildings, not only in
Oklahoma and Texas, are too often designed for the specificity of the initial use. But if both the
initially intended and subsequently alternate inhabitation forms of the built environment project
impulses of coexistence [cohabitation] of multiple temporal frames, the resulting whole could have
a realistic and profound significance. If the built environment is not built to last, if what we see and
feel and touch everyday is not intended to prevail over time, then how do we expect our domestic
products to sustain durable quality characteristics and how do we expect our cities' inhabitants to do
the same?
In some ways superficial (e.g. formal style) and in others much more profound (e.g. formal
behavior), the built environment is a significant force in shaping our individual and collective
spirits. My objective is to explore, through consideration of a single intervention, ways that the built
environment may engender constructive lessons about, promote appropriate images of, and
enhance empathetic understanding of our relationship to technological past, present, and future.
How does this position begin to take on architectural form? Through material and construction
processes? Through aesthetic and stylistic expressions and symbols? How can this set of values
engage the individual during the design process? In determining the character of theater, of human
drama, of collective exchange in programmatic terms? Is the way a building is put together, as a
fabrication and construction process a reasonable issue to here? Perhaps the construction industry
might be the appropriate medium-scale flexible economy that we should attempt to revitalize?
III. Vehicle for Architectural Design Exploration
A. Project Selection and Strategy
The proposed architectural project should be selected such that it can function most successfully as a
vehicle of exploration into the issues discussed in Part I. It should force particular issues in physical
ways accessible to the student of architecture.
Site and Program
The vehicle I have selected is first and foremost a transformation of an existing artifact, thereby
introducing historical realities that cannot be overlooked or dismissed. Former architectural order
of a place provides recoverable information in terms of both its physical reality and in its
representations through past documentation. The character of these elements, only to be uncovered
during the upcoming reasearch phase, will define guidelines for transformation.
Second order priority for the investigation is the adaptive reuse of an industrial building, ideally
abandoned so that its former and proposed use as museum provide a rich dialogue across times, a
dialogue that cannot escape political undertones of technocratic critique. There are vast numbers of
former mill sites in the area, ranging from textile, paper, and machine tool factories.
Third order priority is accessibility of: 1) the site location itself so that existing conditions (material
integrity, actual dimensions, lighting conditions, etc.) may be verified as needed during the Fall
design phase (see Schedule section), and 2) the cultural environment both through visits with town
inhabitants, chamber of commerce, local builders, planners, and potential investors and through
academic resources in the area.
Transformation Strategies
There are countless approaches for the adaptation of old buildings to new uses, with the basic
attitudes ranging from historic preservation to conservative re-interpretation to radical alteration.
In describing potential solutions, we encounter words such as conversion, re-arrangement, re-use,
adaptation, re-creation, extension, insertion, alteration, addition, and renovation. They all embody,
of course, some sense of transformation but each of them carries unique connotations. It is not my
purpose here to indicate which of these I believe will provide the most promise; on the contrary, I
expect to consider all of them as the design project becomes the instrument of thinking. Regardless
of the specific nature of programmatic objectives, the intervention will be a combination of both
restoration/adaptation of existing conditions and a sizable component of new construction.

"History does not produce repetitive patterns. The life of a culture is
limited in time just as is the life of an individual. Since this is true of all
organic existence, everything depends on what is accomplished within
the allotted span.
"Neither are there fixed rules for the dominance of rational or irratio-
nal, individual or collective, specialistic or universal conceptions.
Manifold and often inexplicable reasons are responsible for the domi-
nance of the one over the other of these tendencies in a given period.
The prevalence of the one or the other is not necessarily bad in itself.
It too is bound up with the incalculable diversity of human existence ...
"Every generation must carry both the burden of the past and the
responsibility of the future ... Every generation has to find a different
solution to the same problem: to bridge the abyss between the inner
and outer reality by re-establishing the dynamic equilibrium that
governs their relationships." (Giedion, p. 723)
Appendix B - Critical Literature Survey Concerning Technological Determinism

APPENDIX B -- Critical Literature Survey Concerning Technological Determinism
The intent of this essay is to explore three writers that Roe Smith describes as deserving "special
attention" for their contribution to the "emergence of a vigorous adversary culture" (Does Technology
Drive History? The Dilemma of Technological Determinism, Merrit Roe Smith and Leo Marx, eds., MIT
Press, 1994, p. 28): Lewis Mumford, Jaques Ellul, and Langdon Winner. I will explore the intellectual
currents that have flowed out of these three and developed during the past few decades. The range of
essays compiled by Smith and Marx illustrate a rich and complex range of positions in reference to
determinism. Based upon close readings of those essays, I will attempt to demonstrate distinctions
between, similarities among, and contradictions within their points of view. The writers I will consider
are Robert L. Heilbroner, Thomas P. Hughes, Philip Scranton, and John M. Staudenmaier.
That Mumford, Ellul, and Winner have influenced contemporary writers in the debate of
technological determinism, in its probing of politics and power, is taken for granted in this paper.
According to Smith, all three of these writers are technological determinists simply because "they place
technological change at the forefront of social and cultural change" (Smith, p. 34). They had very
different ways of framing their arguments, however, and very different conclusions about the future of
historical research and society at large with respect to its romance with technology. It is answering the
question of how they have influenced the above writers that is our primary question. We will look at
each of their positions in and of itself before placing it in context with the other two, then procede with
the discussion of Heilbroner, Hughes, Scranton, and Staudenmaier.
The problem of "hard" and "soft" determinism is one that I chose not to consider. The terms were
first introduced by William James to describe the range of the technological determinist spectrum, where
"a 'soft' view holds that technological change drives social change but at the same time responds
descriminantly to social pressures, and a 'hard' view presents technological development as an
autonomous force, completely independent of social constraints." (Smith, p. 2) Unfortunately, the terms
hold only within their own frame and do not possess the necessary flexibility to clarify numerous
distinctions between the positions subsequently presented.
In the absense of handy categorizations, I will discuss selected writers in their own terms and then
will attempt to unify their differences and complications, including definitions of technology, the
importance of context, the validity of contingency, and perhaps most importantly -- not only for the field
itself, but for society at large -- the implication of various perspectives for the future.
The final cue I take from Smith comes from his metaphore of the budaoweng doll. If, indeed, the
issue of technological determinism is resilient despite attempts to dispell its validity, why is it so?
Whence comes its staying power? In which directions do the various writers propose the field procede?
Finally, what is their prognosis for the future of society in the face of its unrequitted love of technology?
MUMFORD
In the analysis of Mumford and Ellul, who produced such a broad body of work that I cannot possibly
give to it due attention, I will rely largely on their stated intentions in the form of forewords, prefaces,
introductions, and conclusions, and only cursory examples that illustrate the extent to which they
achieved those intentions in the body of the text. Besides, there is already an ample supply of those more
qualified and knowledgeable than I am to bring historically informed readings to these classics.
We first look to Mumford's Technics and Civilization, generally considered a classic by historians of
technology and referenced consistently today. To say the least, Mumford sought to cover tremendous
territory through this work. He probes beyond what he saw as insufficient understanding of the role of
technology in society -- what he calls "modern technics" (p. 3). Definition of his field in these terms
allowed him to dispell the common understanding of his day that the "Machine Age" was strictly a
modern phenomenon. It provided him with a framework with which to address not only the
mechanical artifact but the culture that developed and then fell in love with it.
He states outright, in his "Introduction to the Harbinger Edition, 1963" that he does not agree with
Karl Marx's "erroneous" contention that "technical forces determined the character of all other
institutions" and that his own new analysis demonstrated that the relationship was reciprocal and
many-sided. He "immodestly confessess" that even thirty years after writing it, he is "struck by its
intuitive insight and fresh percipience." And finally, in resisting the temptation to apologize for the
book's omission of the technical history during those same thirty years, he states that the "basic insight
necessary for interpreting [my italics; see Conclusion] these events and their consequences actually
pervades the book." Years later in his Foreword to Myth of the Machine: Pentagon of Power, he writes,
"Though perhaps the most original contribution of these books [Technics and Myth] was the treatment
of technics as an integral part of man's higher culture, they were equally audacious in denying that
man's departure from animalhood and his continued development rested solely on his propensity for
tool-using and tool-making. Furthermore, in defiance of contemporary dogma, they did not regard
scientific discovery and technological invention as the sole object of human existence; I have taken life
itself to be the primary phenomenon, and creativity, rather than the 'conquest of nature,' as the ultimate
criterion of man's biological and cultural success."
Let us briefly examine a few examples to understand and qualify that insight. His lucid description
of mining, capital, and the rise of commercial enterprise in the fifteenth century provides a convicing
theory as to the contribution made by mechnization. As the improved technique of warfare increased the
demand on iron and the cost of running the military arm, rulers needed finance. Typically, the lender
would take over the royal mines as collateral and develop them for gain. The ruler would search for new
territory from which to reap repayment of the original loan, thereby consuming more iron equipment.
The cycle of war, mechanization, mining, and finance was initialized, whereby the "uncertainty of both
warfare and mining increased the possibilities for speculative gains: this provided a rich broth for the
bacteria of finance to thrive in." (Mumford, Technics, p. 76)
The priceless contribution of Mumford lies not, however, in this wise and prophetic characterization
of finance. It lies in his insistence that there was yet another story -- cuing later rejections of the master
narrative -- one associated with the miner himself, that carried as-yet-undiscovered significance. He
carefully explains how the concept of value was associated with the effort required to extract metals from
the ground. In his opinion, "Genuine value lies in the power to sustain or enrich life," and neither the
amount of manpower devoted to nor the rarity of a given substance has anything to do with that power.
"It is not rarity that gives air its power to sustain life, nor is it the human work done that gives bananas
and milk thier nourishment ... Value lies directly in the life-function: not in its origin, its rarity, or in the
work done by human agents." The miner's concept of value is, nonetheless, not based on nourishment,
for his is not an environment of vegetable, fruit, and game that can be readily translated into life. He
works day in and day out "not for love or for nourishment, but to make his pile." (Mumford, Technics, p.
76-77) This might be considered as the beginning of a long process, first documented by Marx as
"alienation" in his "Manifesto for the Communist Party," by which the worker relates his self-worth to
his ability to execute work by some technical means, and ultimately to the machine itself.
' Let us look at the nourishment function in another example. Mumford considers the gains
achieved through canning and refrigeration, which were developed to distribute food over time and
through space in which it is unavailable. These technical advances are, by all accounts, positive
contributions to society. Because mechanized processes lend themselves, however, to large-scale
industrial and financial organizations, what we get is a distribution system that facilitates the
consumption of canned goods in regions where fresh fruits and vegetables abound. "There is,"
Mumford writes, "no virtue in eating foods that are years old or that have been transported thousands of
miles, when equally good foods are available without going out of the locality." (Mumford, Technics, p.
276)
In my opinion, it is Mumford's persistence in infusing his entire work with the essence of doing and
living that earns our indebtedness. He reminds us at every turn that we are, after all, part of a whole, part
of a social community. He believes that although profit margins have allowed us to tolerate cultural
losses, we possess the vitality and conscience to eradicate our prejudices.
ELLUL
Ellul begins his study by carefully defining what he means by "technique," as it is altogether different
from both "technology" and its stand-in, the "machine." He explains that although the beginning of
technique and the machine were simultaneous, the extent to which technique has permeated society far
exceeds the physical machine itself, which is no longer even the most important aspect of technique. The
machine is, however, still the pure essence toward which technique strives; this aspiration bestows
techique with a power whereby everything it touches transforms into a machine (Ellul, Technique, p. 4).
Immediately, the reader understands Ellul as unabashedly deterministic is his position in
describing the tragedy of our society that has been ushered in by none other than the machine. "The
machine has created an inhuman atmosphere. The machine, so characteristic of the nineteenth century,
made an abrupt entrance into a society which, from the political, institutional, and human points of
view, was not made to receive it ... Men now live in conditions that are less than human. Consider our
great cities, the slums, the lack of space, of air, of time, the gloomy streets ... " (p. 4) When we consider all
that has occured since his writing of the book -- increases in drive-by shootings, drug trafficking -- it is
difficult to disagree. He even places technique above the economy in its responsibilty for our plight: "It
is useless to rail against capitalism [response to Mumford]. Capitalism did not create our world; the
machine did." (p. 5)
It is the tone with which Ellul treats human agency that distinguishes him most sharply from
Mumford. He seems to be taking a Marxist deterministic point of view in placing the machine at the
forefront of social change without lending the human agent power to mediate. There is a fine line
between blaming others in order to relinquish responsibility or in order to declare war. It sounds as if he
might be telling the reader that all is lost and that the machine is now our master, that his outlook is
pessimistic, his forecast gloomy. (Merton's Foreword, p.viii)
I do not believe this is so. The last thing our society needs is to lend agency to inanimate objects and
systems. There were in Ellul's time, and are to an even greater extent today, social ills that thrive on
finger-pointing and laying blame, on individuals relinquishing responsibility -- lawsuits for burning
oneself with hot coffee, bumperstickers promoting "Jesus is my pilot, I'm just the copilot" -- for their
own actions. But Ellul is not saying we cannot modify our current course, that the continuing cultural
tragedy is inevitable. He is saying that, based on the facts, we have been sleeping and it is time to wake
up. "Although I have not gone beyond description, the reader may perhaps receive an impression of
pessimism. I am neither by nature, nor doctrinally, a pessimist, nor have I pessimistic prejudices. I am
concerned only with knowing whether things are so or not. The reader tempted to brand me a pessimist
should begin to examine his own conscience, and ask himself what causes him to make such a
judgement." (Ellul, Technique, Foreword p. xxviii)
Ellul proceedes to distinguish between collective and individual action. In order to change the
collective status, we each have a responsibility to do what is right. "At stake is our very life, and we shall
need all the energy, inventiveness, imagination, goodness, and strength we can muster to triumph in our
predicament." (p. xxxii) There is certainly a sense of urgency in his message that far exceeds that of
Mumford, but it is only our understanding from the French translation that makes it appear fatalistic.
Ellul's message is dramatic and histrionic because he intended it that way. Although it should not
be understood to be of the style heurte "affected by so many postwar French existentialists, it does not
remotely resemble academic texts in fields such as science and mathematics" (Translator's note, p.xii).
There is also an unmistakably French cultural style of theatrical communication. It becomes most
apparent in his exaggerated criticism of two great physicists of German heritage: "We are forced to
conclude that our scientists are incapable of any but the emptiest platitudes when they stray from their
specialties. It makes one think back on the collection of mediocrities accumulated by Einstein when he
spoke of God, the state, peace, and the meaning of life ... Even J. Robert Oppenheimer, who seems receptive
to a general culture, is not outside this judgement. His political and social declarations, for example,
scarcely go beyond the level of those of the man in the street." (p. 435) To irreverantly overstate my
point, Ellul is just a crazy, Frenchman making fun of his neighbors.
Another loss, or even distortion, in the translation is the book's subtitle "L'enjeu du Siecle." The
translator leaves it at "stake of the century," but there is more to it than that. According to Larousse, the
first definition of enjeu is "somme qu'on risque dans un jeu, un pari, et qui doit revenir au gagnant," a
light-hearted application to gaming and betting. The second is "ce qu'on risque de gagner ou de perdre
dans une entreprise," a heavier connotation that might include bankruptcy and war. Given the wide use
of pun and double-meaning in French language, this single annotation completely transforms the tone
of the book from that of a doomsday prognosis to an equally matter-of-fact and sarcastic warning.
As stated earlier, Ellul extended the definition of technique far beyond that of the physical artifact to
signify human means in general. It is when an activity is made "clear, voluntary, and reasoned" (p. 20)
that the technical phenomenon with which he is concerned is brought into being. Thus he initiates his
discussion of the origin of technique in society and how it was developed and utilized through processes
of organization, management, and work process in public and private realms of economic, political, and
societal realms.
The frustration I find in Ellul's writing, however, is that it is sometimes difficult to identify the
examples -- the kind that pervade Mumford's work -- from which he draws to make his conclusions. As
a single instance of his vague delivery, let us consider the section in "Technique and State" entitled
Private and Public Techniques. He cites three differences from political technique in that developed by
individuals.
First, they are "better perfected and better adapted than techniques of the state." Because, as he writes,
"the individual always lives a much more realistic and real life than a collectivity, especially the state"
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(p. 240), the individual solution to an individual problem always represents the best solution, the truest
economy of means. Although he does attribute mechanizations of state to private banking practices
since 1914 and German industry since 1926 (p. 240), no specific examples of the individual technique
itself follow. Perhaps he expects the reader to call on his or her own experience in providing substance to
the discussion. Second, "techniques elaborated by individuals were the result of specialization, which
operated at first in the scientific domain but which was introduced into the technical world before long."
And third, "techniques created by private individuals, contrary to those of the state, rarely slacken their
pace." As much as I appreciate the potential of this thesis in its praise of individual initiative, I am
critical of Ellul's omission of concrete evidence.
WINNER
Winner comes into the game highly respectful of Mumford's contribution, but focuses on more
contemporary issues. Mumford's mission, according to Winner, was to initially investigate the factual
aspects of technological change, and he did not address the question of individual freedom within that
established context until near the end of his argument. It is precisely this question of freedom that
interests Winner. While Mumford never denies human freedom as a "metaphysical or historical
possibility," Winner sets out to demonstrate that "under present conditions, men are not at all the
masters of technological change" (Winner, Autonomous Technology, p. 55).
Central to Mumford's premise, as presented by Winner, stands the idea that man as essentially a
maker and user of tools, this being the essence of what differentiates him from his earlier animal
anscestry, is a myth, a purely modern sensibility and self-image. Further, innate human flaws of
avarice, greed, and short-sightedness are responsible for this condition and have caused modern man to
choose "authoritarian mega-technics over democratic poly-technics," the ultimate "conquest of evil
over good" (p. 108-110). Winner does not disagree with this premise in its own frame, restating that this
"myth encourages unrestrained growth of megatechnical monstrosities" and that "men who believe
that their nature is expressed in technological projects can find no sense in the idea that unlimited
technical development might lead to excess and aberration" (p.108). He does suggest, however, that
Mumford's "stress upon man the mind-maker" is "exaggerated." Winner states, "If the combined
wisdom of anthropology and the other social sciences tells us anything, it is that the quest to find a
unitary essence or characteristic activity that defines the human being is ultimately futile." (p. 109-110).
Finally, to Mumford's urging of a return to small-scale technics and the tradition of craftsmanship, he
explains that "the world that supported that tradition and gave it meaning has vanished. Where and
how techniques of that sort could be a genuine alternative is highly problematic. Certainly a
technological revivalism could add things to the existing technological stock. But the kind of knowledge
that would make a difference is not to be found in decorating the periphery." (p. 328)
Winner is preparing the reader for his theory of technological society. Based upon his essential
departure from Mumford, the reader must ask, "If it is true that the world of the craft tradition is truly
gone, what has replaced it?" In seeking Winner's response, we first must clarify his debt to Ellul. As
discussed previously, Ellul's linguisitic meaning of la technique goes far beyond Mumford's "machine"
to the extent of its infusion into the texture of modern society. Winner is quite sensitive to linguistic
confusion and suggests that much of our confused relationship with technology comes from our
unclear use of language. He claims no office in lexicography but does provide necessary distinctions. He
clearly endorses the use of the English technology as corresponding to Ellul's definition of la technique as
"the totality of methods rationally arrived at and having absolute efficiency in every field of human
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activity" (Winner quoting Ellul, p. 9), with a slight exception to "absolute efficiency" that need not
concern us. Further, he presents concepts of apparatus, technique, and organization as phenomena which
fall into the sphere of technology.
Winner introduces his concept of autonomous technology through a chilling description of Albert
Speer's testimony from the Nuremberg trial. In Speer's explanation that Nazi horrors were not only an
"outgrowth of Hitler's personality" but also his ability to "employ the implements of technology to
multiply crime," he concludes that "there is nothing to stop unleashed technology and science from
completing its work of destroying man which is has so terribly begun in this war." (p. 15) Speer's
justification is, of course, an utterly illegitimate excuse, but the fact that such a testimony might be
presented at all, Winner contends, and that it could have ellicited even a trace of empathy from
supporters fifty years ago underscores the validity of his autonomous technology notion. Winner states
that his theory "stems most directly from Ellul's autonomous technique." Moreover, his theory holds
that "far from being controlled by the desired and rational end of human beings, technology in a real
sense now governs its own course, speed, and destination." (p.16)
But what exactly does he mean by autonomous? Principally a political or moral conception, the
issues of freedom and control are brough to the fore. "To be autonomous is to be self-governing,
independent, not ruled by an external law or force." According to Ellul, he says, there is a one-to-one
correspondence between human freedom and technical autonomy (p. 16). Winner's posture is not to
directly support or refute Ellul's contention however, but to treat autonomous technology as a
"fundamental puzzle" that incorporates "some of the most perplexing [concepts] in modern thought --
technological dynamism, determinism, historical drift, technical imperatives, technocracy, and the like."
(p. 17)
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He knows he must tread carefully so as not to fall into one of the two compromises that have lured
so many other brilliant thinkers. On the one hand, there is the reductionist argument, which was played
out most successfully in Ellul's "wholesale catalog of assertions and illustrations buzzing around a
particular point," which is the "univocal phenomenon" of technique. On the other hand, there is the risk
of "allowing the inevitable flood of variables to enter the theory too early." (Note the shades of Scranton,
to be addressed later.) The problem here is that "one may fail to treat the original subject of concern in
its integrity." Positioning his own theory, he writes, "What we require, then, is to give the technical
element its due, without falling into either reductionism or eclectic compromise." (p. 176-177)
I do not propose to investigate his entire technological theory of society in such a brief discussion but
will summarize specific aspects that carry implications for future action. In laying the groundwork for
his theory, he describes how concepts of artifice, extension, rationality, scale, division/interconnection,
and dependence/interdependence contribute to the confusing relationship between technological systems
and the society they purportedly serve.
In my opinion, the most significant of several consequences to Winner's theory is the phenomenon
he calls "reverse adaptation" (p. 226). His representation of the world seems a testament to the
devolution of reason since mid-19th-century concerns of Thoreau. The relationship of ubiquitous
technology to men as "but improved means to an unimproved end" (Thoreau, Walden) has been further
corrupted, according to Winner. Reverse adaptation, he describes, is a process by which "a series of
transformations engendered by the introduction of technological means eventually leads to
transformation of ends," creating the "interesting situation in which the exact opposite of the idealized
realtionship of means to ends ... Ends are adapted to suit the means available." (Winner, p. 238) He
systematically delineates four characteristics of large-scale systems, most clearly exemplified by the
public and private enterprises involved in our quest to conquer space and to defend our nation, a complex
and organized "web" of interconnections. Such systems: 1) control markets relevant to their operations,
2) control or strongly influence the political processes that ostensibly regulate its output and operating
co'nditions, 3) seek a "mission" to match its technological capabilities, and finally 4) propogates or
manipulates the need it also serves.
As a former employee of Bell Helicopter, I need not scrutinize his examples to fully comprehend the
workings of such a theory. In the main plant in Hurst, Texas, just outside Fort Worth, there are
hundreds of skilled engineers, scientists, and technicians, all very good at what they do. During my stay,
most of the maintenance operations were being off-loaded to other sites in order to free the entire facility,
physical and personnel resources for the VTOL V-22 Osprey project. After years of joint development
with Boeing, the federal budget for five-hundred-plus airships was cut, thousands of layoffs ensued, and
the local economy suffered miserably. The investment in composite (graphite/epoxy resin) materials
technology and manufacturing techniques (multi-axis computer-controlled tape laying, pultrusion,
autoclave processing, and countless others) was so astronomical, the transformation of the design,
development, and analysis organization so thorough, and the physical/logistical metamorphosis so
complete that to respond to some true set of replacement needs was inconceivable.
Continuing to operate on government R&D contracts as well as existing helicopter fleet
maintenance, Bell stayed its course. Meanwhile, its public relations arm worked hard to create civilian
markets, political lobbyists pounded the pavement in Washington, until years later when the onset of the
Gulf War provided impetus to continue the Osprey project. Having made many friends while working
there, I found myself initially pleased to hear of the prospect, ignoring momentarily that there is no such
thing as a good war. I do not know the current status of the project, but I often think about the people
with whom I worked. I connot possibly fault any of them, powerless as they were to shift directions, but I
wonder what good might have come could they and the immense resources to which they are connected
have all been serving ends instead of means.
HEILBRONER
We must now examine the selected four scholars from the book Does Technology Drive History? What
are their concerns? Do they treat determinism as a viable approach to explaining history? Most
importantly, how do they relate their findings and approaches to the future?
Heilbroner's essay, "Do Machines Make History?", provides us with an excellent starting point
because his point of view is the clearest. He begins with Marx's unabashedly deterministic proposition
that the "handmill gives you society with the fuedal lord; the steammill, society with the industrial
capitalist." Assuming that this is true, he defines the logical order by which technology evolves,
predictably, in the absence of technological leaps. He momentarily concedes some of his bias toward
economic forces in describing the social impact through design activities that invariably must shape
technology. To Heilbroner, this simply provides further sanction to study society through the mirror of
technology.
The question then becomes, in his revisitation essay, "how do machines make history," (Heilbroner,
Does Technology Drive History?, p. 69). In his interesting palimpsest analogy (the parchment of
humankind's markings layered over the course of time), he suggests that technological determinism is
as good (if not better) than any other phenomenon as an "overlay" (p.70) with which to unite the
foreground and background of history. In looking for "connections between machinery and history," he
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is looking for forces "emanating from the technological background that impose order on human
behavior in a manner analogous to that by which a magnet orders the behavior of particles sprinkled on
a sheet of paper held above it" (p. 70-71). This visualization is strikingly similar to Winner's
characterization of Ellul's buzzing about the "univocal" phenomenon of technique in that it implies a
search for the singular, omnipotent magnet.
His most forthright statements regarding the future come at the end of both essays. In simple terms,
he believed in 1967 that the "problem of technological determinism -- that is, the impact of machines on
history -- [would] remain germane until there is forged a degree of public control over technology far
greater than anything that now exists." Anticipating Winner, "technological determinism is thus
peculiarly a problem of a certain historical epoch ... inwhich the forces of technical change have been
unleashed, but when the agencies for the control or guidance of technology are still rudimentary." (p.
65)
In the face of 1995 postmodern rhetoric, he remains a steadfast advocate of the deterministic
approach, citing its "unifying capability." "Whatever compression we may thereby suffer in our
conceptions of ourselves as actors in history seems to me far less than would be felt if the very idea of
historic orderliness were shown to be utterly without bias. History as contingency is a prospect that is more
than the human spirit can bear [my italics]." (p. 77) Either he is referring to his own spirit or suggesting
that the historian has an immensely burdensome moral obligation to the future of society through the
tapestry (s)he weaves.
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HUGHES
Not unlike Heilbroner in his directness, Hughes also provides the reader with a concise message that is
impossible to contradict on its own terms. He defines technological determinism as simply "the belief
that technical forces determine social and cultural changes," and social construction as equally simply
"that social and cultural forces determine technical change." His own theory, technological
momentum, positions itself somewhere in between and he "infers that social development shapes and is
shaped by technology," a very different point of view from that of Marx and Ellul, he writes. (Hughes,
Does Technology Drive History?, p.102)
His case study of the Electric Bond and Share Company (EBASCO), a social entity with a technical
core, is so chosen to illustrate his thesis that the technological system includes both the social and the
technical. According to Hughes, determinists would mistakenly focus on the "technical core as a cause
with many effects." For example, they would attribute reorganization of the factory floor and its
accompanying changes in social interactions to EBASCO's generators, or they would explain that new
lighting techniques in the home caused a transformation in family dynamic. On the other hand,
constructivists would view the technical core as an effect of migration to city centers. This migration
raised the price of real estate forcing EBASCO to build their turbine power plant outside the city and run
high-voltage lines transmitting energy back into the city.
Hughes explains that both of these perspectives is over-simplified and that the complex
phenomenon of technological momentum was at work. His description of the large-scale accumulation
of skill, equipment and facilities, and organizational technique is hardly different from Winner's thoery
and the example of Bell Helicopter discussed previously. Since Hughes' technological momentum
theory was first presented in 1969, it would be reasonable to assume that Winner must have been
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influenced somewhat. Throughout Winner's discussions of "Momentum and Motive" and
"Technological Drift," Hughes name appears nowhere. I find this curious and can only infer that
Winner's style, resisting temptations to label or reduce phenomena in any way whatsoever, is so
different from that of Hughes that he chose to formulate his concept by traveling different roads.
SCRANTON
We have arrived at the turning point. Enter Scranton: "My conjecture is that technological determinism
came closer to being an article of faith in the United States between 1940 and 1960 than ever before or
since." (Does Technology Drive History, p. 146) With mach speed and sharp wit, he takes us through
thirty-five years of military hardware failure in Viet Nam, nuclear reactor near-catastrophes, and wide-
spread damage of the natural environment due to unforseen consequences of progress. His resulting
picture of disenchantment with responsible institutions puts us in dire straits.
His "song" is so eloquent and entertaining in its arrogance, we must listen to his own words. In the
current setting, he continues, the determinist has only two options, neither of which hold any promise in
his point of view. First, one could "decouple" the question from the U.S. case and focus on other cultures
realizing their tendency toward technical efficiency. This, however, "leads into meta-physics of
technology as a force manifesting itself in and through history, leaving nations, firms, and individuals
dependent on detecting whether or not the force is with them. Restoration of a master narrative vitiates
recknoning with agency, indeterminacy, the overabundance of information, and the battery of external
activities that bear on the course of technical change." The second option is "toward adapting public-
policy methods to a historical cost-benefit analysis," but this would require "speculative quantification
on a heroic order -- the kind of data-churning involved in recent dollar valuations of pollution and
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cancer risk." Moreover, he states, "Denied the tidy successions of technical progress, the transcendence of
technological determinism, and the quasi-science of cliometric reduction, yet alert to context and
conflict, historians of technology must confront the decentering, if not death, of progress as a conceptual
pivot for research." (p. 146-148) Any questions?
Obviously, Scranton wants no part of Ellul's reductionism, Heilbroner's determinism, or even
Hughes' momentum approaches. He pushes for "local determination" and careful structuring of the
contextual point-of-view. Events do not simply occur on the "surface" of context; they are all the while
working to shape it as well. This model serves him well in his example of late-ninetheenth-century
industrial shift from the Atlantic coast to the midwest. "This evolving tapestry," he writes, "of context-
framing actions and action-inducing contexts generated a technological momentum different from that
to which Hughes refers, for it is open, non-systemic, locally determined, and as much dependent on
social relations as on engineering refinements." (p. 153-154) Insofar as he never defines indeterminacy
outright, I imagine he would claim that it is indeterminable.
Finally, Scranton points to a "variety of silences and great forgettings" in the historical record he
would like to see investigated, such as custom fabrication using small-scale, flexible systems. In light of
Winner's grave picture of large-scale technology, this is an intriguing possibility not only for future
historical research, but also for future practice. The prospect of possibly regaining our "lost capacity to
articulate and reproduce collaborative labor processes" (p. 167) is personally appealing to me. He goes so
far as to call for "accomplishing the research that will establish, first, the extent and significance of
collaborative employment relations from the Civil War through the 1930s, together with the situational
and institutional factors that facilited them, and, second, the processes through which the erosion and
marginalization of these relations was effected." (p. 167)
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STAUDENMAIER
Staudenmaier's essay, "Rationality versus Contingency," covers substantial territory, even in the terms
of defining the predicaments, traps, and pitfalls of studying and writing history. What strikes me as
different and profoundly significant about Staudenmaier's essay is that he admits his human
frustrations in dealing with the topic. It is the fact that he has allowed self-reflection to enter into the
question that demonstrates wisdom surpassing that of his colleagues. He is very disturbed by the
intrinsic bias with which the scholars in the field conduct their research, indeed, their daily affairs. "The
determinism question keeps coming back to life because historians of technology find it as hard to
exorcise its Western chauvinism and its seductive promise of sweet rationality from themselves as to
face into the powerful deterministic prevailing headwinds generated by the culture at large."
(Staudenmaier, Does Technology Drive History?, p. 267)
"The more I pursued the myth of progress," he describes of his collosal survey work of Technology
and Culture, "the more it seemed to be an ideology that fostered both passivity and violent aggression
among its own constituents. The passivity was aptly expressed in the motto of the 1933 Chicago
'Century of Progress' International Exposition: 'Science finds, Industry applies, Man conforms.' Since
Science and Technology progressed in an autonomous forward direction, no matter what one did about
it, the only remaining role for the human person was to conform." (Staudenmaier, Storytellers, p. xvii)
Delineating in an admittedly oversimplified fashion the perspectives of "rationality" and
"ambiguity," he claims party to the latter. But he confesses that he is not immune to unconscious lapses
into the belief he abhors: "that undeniable progress has occurred in the West, that the achievements of
rational control must be dealt with, that 'tightly coupled systems' have come to dominate the planet."
He is not certain, he writes, that the ideology of progress "contaminates advertisements, structures of
government and corporate policy," but that "we [the ambiguity people] are dispassionately rational
critics of our own society, as if we ourselves did not bear the cultural valences to which we must
obviously stand heir --that we do our historical work outside history." (p.270-271)
Contingency as the baseline theory holds great promise, in my opinion. It need not be the only, or
the universal model. In fact, there are cases in which it can be shown to be inadequate or even incorrect.
But as a substitute for determinism, it is more tenable, and in this era of finger-pointing and projecting
blaming on others, perhaps even more useful and socially responsible. The position of determinism
promotes the "master narrative" and "company history" that have contributed to Winner's
"somnambulism." The question is grave. When we were young, history in elementary and high
schools was taught using the master narrative model. Do we as humans, whether children or adults,
need to understand, as Heilbronner would suggest, the world in a neat package that is not vulnerable to
the multiple outcomes contingency would allow? Imagine if the holocaust were explained to children in
a way that lessened the incriminating responsibility carried by the Germans. Or imagine how race
relations in this country today might differ had we grown up with an understanding that slavery came
about due to a complicated combination of events and forces that no one could have forseen. Does a
given historical model that forms our view of the past necessarily shape our relationship to the present
and aspirations for the future? Is the historian personally responsible for citizens' use of the
information provided? Clearly, these questions fall outside the scope of this study, and have certainly
been explored before, so I will reserve judgement for another time.
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CONCLUSION
The discipline can never be what it aspires to be, another one of the Great Disciplines in mainstream
history, because all the rules of the game have changed since the proposition to have the field in the first
place. Perhaps it should expect to define a new sort of historic role. Like the field of architecture, which is
changing so fast that nobody knows where it's going, it is obliged to follow the seemingly divergent paths
it is set on and to accept the fact that neither its mission nor its process will not be a point of consensus
for some time. The significance of Staudenmaier's appeal to historians of technology to remain loyal to
the artifact cannot be overstated. It seems a banal suggestion to those in a field whose growth was
fertilized by just such artifacts, but that it might need restating is profound.
I have tried to resist addressing the book Does Technology Drive History? as a whole in this paper, but
in the end I am obliged to state my own two contrary reactions. As a self-reflective moment in the young
life of a discipline, the book was necessary. Assuming historians of technology believe that their purpose
is to serve society and not to simply provide a place in the sun for technical artifacts, the book represents
necessary growing pains and may ultimately contribute to the making of a better world. I certainly
would not have been able to navigate without it.
On the other hand (This is where I pull up my trousers, preparing for the unpleasant endeavor of
taking on one of my instructors.), as an attempt to instruct those outside the field, the book seemed to me
to be dressed in a tuxedo with no party to attend. It is quite possible, if not probable, that Smith and
Marx never gave a thought to packaging until the editor made recommendations. I make no claim to
know the publishing business, but I know that economic pressure to recuperate costs or turn a profit
through effective marketing is present in every sector. In short, I believe that the book's title and
frontispiece (John Gast, "American Progress," oil on canvas, 1872) are incompatible with, even
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distorting of, its intended message. Both Smith and Marx are keenly aware, as shown in their own
writings, of the power of the image both in art and advertising. We live in an age when people,
unfortunate as it may be, do not spend enough time probing beneath the surface to appreciate true
essence.
Consider a possible misreading of the cover. Political correctness came in like a storm several years
ago and posed a needed challenge to accepted standards. Excess practice first turned it into a
meaningless fad, then into a laughable hang-up. Now the guys at MIT have decided that we need not be
embarassed after all about being American and bulldozing our native culture, because sowing seeds of
progress is the ultimate act of integrity and nobility. Four years before the upcoming turn-of-
millennium, all's well in Western Civilization.
Alternative cover images are countless. Why not select an image that more accurately reflects the
concern with technocratic thought (Smith, p.34) in the book's constituent essays. "If Gast's maiden
Progress still bore some trappings of early republican culture in 1872, she became a full-blown
technocrat by the turn of the century" (Smith, p.12). Perhaps Boyd's 1899 allegory or some comparable
representation of former, traditional duality replaced by plurality of the modern age would be more
appropriate. Or what about a provocative cut from Fritz Lang's 1927 film Metropolis depicting humans
as machine elements?
Alternative titles, likewise, abound. Suppose the title were "Does Technology Drive History?" This
would more accurately reflect the fact that people believed that in Gast's time it did, then, for quite some
time, they believed it did not, and now they are not quite sure how to even pose the question. The subtitle
might also be reformulated so as not to claim home-field advantage for the very point of view the
contributors seek to dethrone. Why not "The Historical Dilemma of Technology in Society"? It would
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avoid pronouncement of a protagonist in the range of constituent perspectives as well as preserve the
primacy of technological determinism over social construction that the editors presumably demand.
At the end of the journey, the world seems none clearer than at the outset. Agreement resounds on
only one point: The question of technology in society, whether determinist or contingent or otherwise,
will be of utmost significance for quite some time. Smith marvels at its "resilience," Staudenmaier at its
ability to reincarnate, Heilbroner at its "insistent" return. Rather than appeal to yet another internal
view of our question, I seek refuge in my own intuition, and a very small dose of academic sanction:
"Mechanization and regimentation are not new phenomena in history: what is new is the fact that these
functions have been projected and embodied in organized forms which dominate every aspect of our
existence." (Mumford, Technics, p. 4)
Mumford wisely forged a relationship to anthropology by describing the extent to which technics
have become absorbed into the very essence of our existence. Don Ihde also notes an astounding
"recalcitrance"(p.70) in the self-identity with machines and suggests that a turn to anthropology may
help to inform the search. In his Existential Technics, he asks, "Why do Humans Think They Are
Machines?" He puts forth three theses that "may be combined to help account for the prevalence and
depth of the metaphor of the machine which so dominates contemporary self-interpretation." First is
the "existential thesis: the way we do things is so much a part of our daily lives that Western industrial
society is of a life form technologically textured." He notes the simple distinction between our eating-
ritual equipment of the knife, fork, and spoon and that of chopsitcks in the Orient or the bare hand in
parts of Africa. Second is the "otherness thesis: reflexive self-interpretation occurs in relation to some
other, we internalize our 'world' and become like it." As contrast to the machine, he points to cultures of
times and places in which humans' self-interpretation was an animal or some human or divine model.
Third is the "interpretive thesis: deepest, most subtle; combine praxis and other , take a self-reflective
turn to find self and then interpret; interpretation is essential aspect of being human, it is
'transcendence"' (p. 72-76). Because this line of inquiry is admittedly outside the scope of my study, and
possibly the sort of meta-physics that Scranton warns against, I leave Ihde's proposition to be interpreted
by the reader, the way it was intended. As one final submission in this meditative breath concerning
technology, progress, and protest (see Case Study), I present the following Chinese fortune that came to
me alongside curry chicken at Pu Pu Hot Pot, Main Street in Cambridge, as I carried Existential Technics
home with me:
Discontent is the first step in the progress of man.
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ILLUSTRATIONS
Frontispiece: Open system behavior (see Introduction) of masonry
openings in Bldg. 33 (colored pencil on trace by PL).
Chapter breaks: Existing conditions of daylighting (photos by PL).
Note: All figures credited "Galuzzi" are reprinted from Renaissance
Engineers From Brunelleschi to Leonardo da Vinci exhibit. They
depict large-scale working models of mechanical innovations that
informed exhibit space design requirements.
Fig. 28.1 - Flying machine, after DaVinci. (Galuzzi)
Fig. 30.1 - Potential energy time-piece, after DaVinci. (Galuzzi)
Fig. 30.2 - Sketch for DaVinci's potential energy time-piece. (Galuzzi)
Fig. 30.3 - Three-phase steam turbine engine.
Fig. 32.1 - Alternating clockwise and counterclockwise motion, after
DaVinci. (Galuzzi)
Fig. 32.2 - Continuous rotary motion producing reciprocal linear
motion, after DaVinci. (Galuzzi)
Fig. 32.3 - DaVinci sketch for spring motor. (Galuzzi)
Fig. 32.4 - Spring motor, after DaVinci. (Galuzzi)
Fig. 34.1 - Hydraulic saw mill, after Sienese engineers. (Galuzzi)
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Fig. 34.2 - Tide mill, vertical water-wheel floating mill, vertical water-
wheel floating mill, hydraulic blowing plant with two camshaft-
operated bellows.
Fig. 62.1 - Longitudinal section of centrifugal turbine. (Dunwell)
Fig. 66.1 - Cross-section of centrifugal turbine. (Dunwell)
Fig. 68.1 - Building section of textile mill. (Dunwell)
Fig. 74.1 - Building section of Stevens Mills. (Dunwell)
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